Algeria is one of the most important CO 2 emitters among developing countries and the third among African countries. It pledged to curb carbon emissions by at least 7% by 2030.
Introduction
Algeria is one of the most important CO 2 emitters among developing countries and the third among African countries (Sahnoune et al., 2013) . It emitted a total of 147 MtCO2 in 2014, being 34th in the fossil fuel emissions world ranking of countries, and sixth in CO 2 emissions from gas flaring (Olivier el al., 2015) . Additionally, Algeria is particularly vulnerable to the multiform effects of climate change, with its yearly average rainfall having declined by more than 30% over the past decades. Moreover, land characteristics, mainly dessert areas, reduce the possibilities of carbon capture (INDC, 2015) . In that sense, Algeria has been one of the countries with special interest in signing the COP21 agreement. In fact, it was one of the developing countries which first submitted the Intended Nationally Nevertheless, Algeria may has a very complicated task if it wants to meet the targets set in its INDC, and at the same time grow and improve the standard of living of its inhabitants, especially because it is specialized in exports of natural resources. The Algerian economy is characterized by its high dependence on oil exports (more than 97% of all exports in 2013), and is the sixth-largest gas exporter (CIA World Factbook, 2015) . Additionally, its economy is characterized by a poorly diversified production, which means that this country has been dominated by gas extracting industries. Also, as stated in Omri (2013) , countries such as Algeria tend to greatly increase their CO 2 emissions as they try to industrialize and modernize the economy, as significantly boosting the economic growth leads to the consumption of high quantities of energy which is sourced mainly from oil and gas. On the one hand, the production of gas and oil is increased to meet the growing energy needs of households and local industries, which tend to be high as industries in oil countries are usually energy-intensive (Damette and Seghir, 2013) . On the other hand, the production of gas and oil is augmented to increase exports to obtain financial resources for investing in the industrial sector.
Therefore, the analysis of the relationships between emissions and economic growth in this developing country is of interest. In this sense, testing the validity of the Environmental Kuznets Curve (EKC) hypothesis is crucial because, as stated by Narayan and Narayan (2010) , this allows policymakers to judge the response of the environment to economic growth. Thus, the results of this study may help the Algerian policymakers to establish an energy policy that guarantees a balance between economic growth and environmental prosperity.
Since Panayotou (1993) introduced the term -Environmental Kuznets Curve", there has been increasing attention on the impact of economic growth on the environment (Stern, 2014) . The studies investigated different countries or panels of countries from all regions of the world (Al-Mulali et al., 2015) . Nevertheless, less attention has been given to smaller emerging countries, especially in the MENA region and Africa (Soytas and Sari, 2009; Osabuohien et al., 2014) . To our knowledge there is just one previous study referring to Algeria (Lacheheb et al., 2015) . This study analyses the relationships between CO2 emissions and economic growth by comparing the short and long-run elasticities as in Narayan and Narayan (2010) . Three CO2 resources are used to measure emissions. However, total emissions and energy use have not been included in the model. Additionally, two previous panel data analyses also provide the short run and long run estimates for Algeria (Narayan and Narayan, 2010 and Arouri et al., 2012) , although they do not take into account specific characteristics of the Algerian economy, such as trade characteristics.
Following these previous studies, the aim of this paper is to analyze the relationships between CO2 emissions and economic growth in Algeria, taking into account the country characteristics (trade and energy use), by testing the validity of the EKC hypothesis throughout the period from 1970 to 2010. The traditional quadratic approach rather than the Narayan and Narayan (2010) approach has been used to investigate the EKC hypothesis. This method allows the value of the EKC turning point to be calculated, if it exists. Therefore, this paper contributes to enlarging the EKC literature referring to African countries and Algeria, for which there are scarce studies.
The EKC is tested by analyzing the relationship between the CO 2 emissions and real GDP per capita, real GDP per capita squared and others variables which may affect CO 2 emissions. The EKC has been tested by taking into account energy use, as this variable has been included in several previous studies, such as those by Li et al. (2016) , Al-Mulali and Ozturk (2015) , Shahbaz et al. (2014) and Arouri et al. (2012) . Nevertheless, few studies have used electricity consumption, for example in Al-Mulali and Ozturk (2015) , in which it was considered that it may reflect changes in lifestyle (Cowan et al, 2014) . Therefore, in addition to energy use, electricity consumption has also been considered. The EKC hypothesis has also been tested taking into account trade openness, as in previous studies such as Halicioglu (2009) and Onafowora and Owoye (2014) . Usually, trade openness has been measured as exports plus imports with respect to GDP, although recently Al-Mulali et al. (2015) used the exports and imports of goods and services separately, with the aim of further elucidating the relationship between the variables and CO 2 emission. In this paper, exports and imports with respect to GDP are considered separately as both magnitudes may have different effects on emissions, because Algerian exports are, as stated before, mainly related to fossil fuel.
The methodology adopted is the application of the Autoregressive Distributed Lag (ARDL) model extended to introduce the break points. The inclusion of these break points seems to be necessary as the evolution of GDP in Algeria, as stated in Belaid and Abderrahmani (2013) , shows different growth patterns from 1970 to 2010, related to political decisions, which are observed mainly in the 1980s.
The remainder of this paper is organized as follows. In Section 2, a literature review is presented. In Section 3, the methodology is explained. In Section 4, a descriptive analysis is made and the statistical information sources used are specified. In Section 5, the results are presented and discussed. Finally, the main conclusions and policy implications are given in Section 6.
Literature review
The EKC concept emerged in the early 1990s with the Grossmann and Krueger (1991) research on the environmental impacts of the North American Free Trade Agreement, and with the study by Shafik and Bandyopadhyay (1992) for the World Development Report 1992. Later, Panayotou (1993) was the first to introduce the term -Environmental Kuznets Curve" in the economics literature. Since then, there has been increasing attention on the impact of economic growth on the environment, with a very large empirical literature on the EKC. Reviews of this topic can be found in Kijima et al. (2010) , Koirala et al. (2011), Kaika and Zervas (2013) and Stern (2014) . Additionally, Al-Mulali et al. (2015) recently reviewed the empirical studies published over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . The previous studies may be divided into two categories. The first examines the EKC for individual countries, while the second tests the EKC for a cross-section and/or panel of countries.
The studies investigated different countries from different world regions, mainly from East Asia and the Pacific, South Asia, the Americas, Europe and Central Asia, Middle East and North Africa (MENA) and Sub-Saharan Africa (Al-Mulali et al., 2015) . Nevertheless, less attention has been given to smaller emerging countries, especially in the Middle East and North Africa region (MENA) (Soytas and Sari, 2009) and in Africa (Osabuohien et al., 2014) .
Among the studies referring to individual MENA countries, most refer to Tunisia (M'henni, 2005; Fodha and Zaghdoud, 2010; Shahbaz et al., 2014; Farhani et al., 2014b) , and to Turkey (Akbostanci et al., 2009; Ozturk, and Acaravci, 2010; Tutulmaz, 2015) . Among the studies referring to a panel of countries including some MENA countries, Narayan and Narayan (2010) tested the EKC hypothesis for 43 developing countries, including 12 Middle Eastern and 12 African countries, finding that the CO 2 emissions have fallen with a rise in income only for the Middle Eastern and South Asian panels.
Additionally, some studies refer to a specific panel of MENA countries. Arouri et al. (2012) investigated the relationship between CO 2 , energy consumption, and real GDP for 12 MENA countries (Algeria, Bahrain, Egypt, Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, Saudi Arabia, Tunisia, and the United Arab Emirates (UAE)) over the period . The results show poor evidence in support of the EKC hypothesis. Likewise, Ozcan (2013) tested the EKC hypothesis for 12 Middle East countries with abundant reserves of natural resources, as these countries attract a special interest for energy economists. The results provide evidence contrary to the EKC hypothesis, although an inverted U-shaped curve was identified for 3 Middle East countries. Farhani and Shahbaz, (2014) , tested the EKC by using a panel data of 10 MENA countries. The authors examined the relationship between CO 2 emissions, economic growth, and renewable and non-renewable electricity consumption, for the period 1980-2009. The results provide evidence for the EKC hypothesis in those countries.
Likewise, Farhani et al. (2014a) studied two different EKC specifications for 10 MENA countries over the period 1990-2010 using panel data methods, including sustainability, human development, energy, trade, manufacture added value and the role of law.
In relation to other African countries, most of them refer to South Africa. Thus, Kohler (2013) Likewise, Nasr et al. (2015) tested the EKC for South Africa using a century of data . Nevertheless, the authors provided no support for the EKC.
Other studies referring to African countries refer to Sub-Saharan Africa (Kivyiro and Arminen, 2014; Shahbaz et al., 2015) . The first investigated the relationships between Despite the recent increasing interest in African countries, to our knowledge there is just one previous study referring to Algeria (Lacheheb et al., 2015) . This study investigates the EKC for the period 1971-2009 by comparing short-run and long-run models. Three CO 2 resources (CO 2 emission from solid fuel consumption, from liquid fuel consumption, and from electricity and heat production) are alternatively used to measure emissions. However, total emissions and energy used have not been considered in the model specification. The authors provided no support for the EKC.
Likewise, Narayan and Narayan (2010) and Arouri et al. (2012) also provide the Algerian short run and long run estimates in their panel data studies. The first is the study by Narayan and Narayan (2010), which tested the EKC for the period 1980-2004 by comparing the long run and short run income elasticity and found that emissions have fallen with a rise in income in Algeria. In the study by Arouri et al. (2012) , the authors implemented bootstrap unit root tests and panel cointegration techniques to investigate the EKC over the period , finding an EKC for Algeria, although it did not reach the threshold point.
Nevertheless, these studies do not take into account specific characteristics of the Algerian economy, such as its trade characteristics.
Following these previous studies, in this paper the ECK in Algeria is tested by using a traditional quadratic form in which others variables have been taken into account. The empirical studies that test the EKC hypothesis have been using a general model in which the variable of environmental degradation, usually CO 2 emissions, depends on the independent variable of income, its squared value, and some other variables (Dinda, 2004) . Among these variables, as stated in Shahbaz et al. (2013b) , the EKC literature mostly uses energy indicators and trade openness as a control variable to omit specification bias.
The energy economics empirical literature includes an energy indicator as a determinant of CO 2 emissions while testing the EKC. Most of these studies include energy consumption as an indicator of CO 2 emissions, following the initial study by Ang (2007) .
Among them may be highlighted the studies by Soytas et al. (2007) for the United States, Apergis and Payne (2009) for Central America, Zhang and Cheng (2009) and Wang et al. (2011) for China, Halicioglu (2009) and Ozturk and Acaravci (2010) for Turkey, Pao and Tsai (2011) for Brazil, Alam et al. (2012) for Bangladesh, and Kasman and Duman (2015) for new EU member and candidate countries. Additionally, energy consumption has been included in studies referring to a panel of MENA countries, such as in Farhani et al. (2014a) , Arouri el al (2012) , and also in the study by Omri (2013) , which examined the nexus between CO 2 emissions, energy consumption and economic growth by using simultaneous-equations models. These studies show a positive effect of energy use on CO 2 emissions.
Some other studies have included other energy indicators. The studies by Tiwari et al. (2013) and Shahbaz et al. (2013a) , include coal consumption, the study by Lotfalipour et al. (2010) , includes fossil fuel consumption, the study by Iwata et al. (2010) , analyses the role of nuclear energy in France. Surprisingly, as stated in Bento et al. (2016) , the literature remains scarce with regard to electricity. Only a very few studies have considered electricity consumption, dividing it into renewable and non-renewable electricity consumption, with Cowan et al. (2014) , Farhani and Shahbaz. (2014) , Al-Mulali and Ozturk (2015) and Bento et al. (2016) among them. In this paper, energy use and also electricity consumption have been included as determinants of CO 2 emissions.
Moreover, several authors have argued that factors such as trade can also affect the EKC hypothesis (Kaika and Zervas, 2013) . Thus, trade openness has been included as an independent variable when testing the EKC in previous studies, although contradictory results were established. Halicioglu (2009) found foreign trade significant in the case of Turkey. Jalil and Feridun (2011) included the openness ratio as a proxy for foreign trade when testing EKC for China, also being beneficial for the environment. Along the same line, the study by Shahbaz et al. (2013a) found that trade openness decreased CO 2 emissions in South Africa.
Others, however, consider that trade is harmful for the environment. Thus, Ozturk and Acaravci (2013) found that an increase in foreign trade to GDP ratio resulted in an increase in per capita carbon emissions in Turkey. Likewise, the study by Osabuohien et al. (2014) showed that the coefficient for the trade variable is negative, implying that increase in trade does not contribute to environmental pollution in Africa. Additionally, Onafowora and Owoye (2014) showed that that the sign of the coefficient that relates trade openness and emissions, differs across the countries of the sample, being negative for Brazil, China, Japan and South Africa, while positive for Egypt, Mexico, Nigeria and South Korea. Trade openness has been measured as the sum of exports and imports related to GDP. Nevertheless, recently Al-Mulali et al. (2015) used both variables, the exports and imports of goods and services of the economy, in a separate manner. The authors showed that the relationship between these variables and CO 2 emissions differs. While imports of goods and services increase pollution, exports of goods and services have no effect. Following Al-Mulali et al. (2015) exports and imports are considered separately in this paper.
Continuing from the previous literature, the main contributions of this study are as follows. Firstly, this paper focuses on Algeria, for which, to our knowledge, there are no specific studies which use a traditional quadratic form to test the EKC. Focusing on Algeria may be interesting as it is a fuel exporter developing country which may reduce its emissions in order to comply with its INDC targets. Secondly, this paper enlarges the ECK literature on Africa, for which there are still few studies. Thirdly, the paper considers not only energy use, but also electricity consumption. Therefore it enlarges the EKC literature related to electricity consumption. Finally, the paper continues the initial consideration of the separate analysis of the effects of exports and imports on CO 2 emissions.
Methodology
In line with the previous studies, CO 2 emissions are defined as a function of GDP, the GDP squared and some additional variables: energy use or alternatively electricity consumption, exports and imports. If the elasticity of GDP is positive, and also that related to the GDP squared is negative, then it may be concluded that the EKC hypothesis is supported, and therefore emissions will increase until some threshold level of income is reached, after which emissions will decrease.
In this paper, energy use has been initially considered. Nevertheless, electricity consumption has been alternatively taken as a determinant of CO 2 emissions. Some reasons are behind this. Firstly, the electricity per capita growth rate was 477% from 1975 to 2010 in Algeria, while its energy use per capita growth rate was 245% in the same period, according to the World Bank database (2016a). Secondly, electricity demand is expected to more than double by 2030, while the hydrocarbons sector has experienced a significant decline in production since 2006 (Nachmany et al. 2015) . Thirdly, 97.5% of the electricity is generated from fossil fuel (CIA World Factbook, 2015) . Finally, the CO 2 per kWh of electricity generated using the electricity-specific method by Brander et al. (2011) is 0.66, this value being similar to African and non-OECD countries, but much larger than EU, North American and OECD countries. Therefore, as stated by Cowan et al. (2014) , the relationship between electricity consumption and CO 2 emissions is important for the implementation of related policies.
Additionally, export and import variables, instead of trade openness, are also incorporated as determinants of CO 2 emissions, as in Al-Mulali et al. (2015) . This difference may be appropriate for Algeria because of the high percentage of energy exports. In that sense, Algeria's economy is based primarily on the exports of gross fuel and oil products, which represents more than 97% of goods and services exports in 2010 (IEA, 2016) .
In order to analyze the long-run relationship and short-run dynamic interactions between CO 2 emissions, GDP variables, energy use, exports and imports the autoregressive distributed lag (ARDL) cointegration technique developed by Pesaran et al., (2001) , extended to introduce the structural break in the studied variables, has been used. This technique has the advantage of being able to be applied without having variables integrated of the same order, but integrated of order one I(1), order zero I(0) or fractionally integrated. The ARDL technique also allows unbiased estimates of the long-run model to be obtained (Harris and Sollis, 2003) .
With a view to identifying a possible structural break for each variable included in this study, the breakpoint unit root test has been used. Nelson and Plosser (1982) stated that almost all macroeconomic variables have a unit root, and thereby the series shocks will continue in the long run. However, Perron (1989) advanced a new framework for which most macroeconomic time series do not possess the unit root, the fluctuations being transitory.
Therefore, if the unit root test does not take into account the structural break point, the test will be biased. Zivot and Andrews (1992) developed a break point unit root test when the structural change is selected endogenously. The break point occurs when the t-statistic related to the unit root test is at its minimum value (Lee and Strazicich, 2001) . Following Perron (1989) and Zivot and Andrews (1992) , there are three types of break point, the first is related to changes in the level of the time series (change in the intercept), the second results from the change in the rate of growth (change in the trend), and the third is the result of both (change in the level and in the rate of growth).
According to Pesaran et al., (2001) Finally, ε t is a white-noise error term.
The lag (P) is determined using the VAR optimal model, which means that the lag minimizes the Akaicke (AIC), Schwarz (SIC) and Hannan-Quinn (HIC) information criteria.
Once Equation [1] has been estimated, the presence of a cointegration relationship between the variables has to be studied by using the bounds test. Indeed, the cointegration test is based mainly on the Fisher test (F-stat) for the joint significance of the coefficients of the lagged level variables, i.e., H0: = = = = = = 0, which indicates no cointegration, against the alternative H1: 0 which indicates that there is integration. After comparing the F-stat value with asymptotic critical value bounds calculated by Pesaran et al., (2001) , the null hypothesis of no cointegration is rejected when the value of the F-test exceeds the upper critical bounds value, implying that there is a cointegration relationship between the studied variables.
Once the null hypothesis of no cointegration is rejected, and cointegration is established, in the second step, the conditional ARDL long-run model that captures the long-run dynamic may be estimated as [2] , where the orders of the ARDL(q1, q2, q3, q4, q5, q6) model are selected by using AIC.
Finally, the end step aims to estimate the error correction model for the short-run by using the ordinary least squares method and the AIC and SIC to select the order of the ARDL (p1, p2, p3, p4, p5, p6). This model may be written as follows:
In addition, the stability of the error correction model [eq.3] was checked by the Cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) tests. Table 7 .1 (Heston et al., 2012) . Table 2 shows the correlation coefficients between the variables included in the study.
Descriptive analysis of the used Data
A large positive correlation appears between CO 2 emissions and energy use and the real GDP, whereas its correlation with goods and services imports is small and negative. A large positive correlation also appears between CO 2 emissions and the electricity consumption.
Additionally, Table 2 shows a strong positive correlation between the energy use and GDP, and electricity consumption and GDP.
[Insert Table 2] The upper graph in Figure 1 shows that the evolution of CO 2 emissions per capita has experienced strong growth during the period from 1970 to 1980, with a notable annual growth rate, which may be related to the development plans adopted by the Algerian Government in this period. In that sense, according to De-Bernis (1971) , the percentage of investment throughout the four-year plan (1970 -1973) According to Sahnoune et al. (2013) , Algeria is one of the important emitters among developing countries. The average annual global emission of CO 2 is 4.7 T / inhabitant, which is lower than Qatar with 55.4 T /inhabitant, and UAE with 31.1 T / inhabitant, but higher than Tunisia (2.4 T / inhabitant), Morocco (1.5 T / inhabitant) and India (1.4 T / inhabitant). By activity, the energy sector (production and consumption) is the source of highest emissions, about 75% of the total.
[Insert Figure 1 ]
The graph located at the bottom in Figure 1 shows the evolution of the real GDP per [Insert Table 3] The results obtained from the break point unit root test on the studied variables bring out five structural breaks for the decade of the 1980s, when the Algerian economy experienced a substantial change. In this period, the Algerian economy knew the first economic reforms in 1982, the financial crisis resulting from the drastic fall of the oil price in the international market in 1986, and also the deep economic reforms started in 1988, which allowed Algeria to be transformed from a socialist economy to a market economy. Therefore, a dummy variable, called break, has been incorporated in the analysis to capture the structural change of the 1980s, taking the value one for the 1982 to 1989 years, and zero for all other years.
Results and discussion

Breakpoint unit root test (selected structural point):
Unit root test (stationary test)
Adopting the ARDL bounds methodology requires certainty that all variables are not integrated two, I(2), or more times. Consequently, a test for the stationary status of the selected time series data to determine their order of integration has to be made. The
Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) (1988) tests were conducted. Table 4 shows the results of the unit root tests. None of the variables is I(2) according to both tests. Therefore, the ARDL technique is appropriate to estimate the possible cointegration relationship between the variables included in the econometric model.
[Insert Table 4 ] Table 5 shows the results of the ARDL bounds test for the cointegration relationship based on the equation [2] . The appropriate lag lengths P=2 (when using energy use) and P=4
ARDL bounds test
(when using electricity consumption) were selected on the basis of the selection criteria (Akaike criterion, final prediction error and information criterion and the Hannan-Quinn information criterion).
According to the bounds test developed by Pesaran et al., (2001) , the test of cointegration relationship is related to the estimate of equation [1] . The value of F-stat is calculated by taking into account the null hypothesis where the parameters estimated with respect to the variables at the level equal to zero. If the calculated value of F-stat surpasses the hyper appropriate critical values of the bounds test, the null hypothesis of no cointegration is rejected, and therefore, there is a cointegration relationship between the studied variables. Table 5 shows that the values of F-Stat (when using energy use and electricity consumption) surpass the upper value of bounds test whether at 1% or at 5%. Therefore, there is a cointegration relationship between the CO 2 emissions, real GDP, real GDP squared, energy use, imports of goods and services and exports of goods and services; and also, there is a cointegration relationship between the CO 2 emissions, real GDP, real GDP squared, electricity consumption, imports of goods and services and exports of goods and services [Insert Table 5 ]
Estimating the long-run dynamic and the short-run dynamic with break point
On the basis of equation [2] and equation [3] , the ordinary least squares method was employed to obtain the estimated parameters of the long-run and the short-run relationships.
The obtained results when using energy use as an energy variable are reported in Table 6 , while when using electricity consumption are reported in Table 7 .
[Insert Table 6 and Table 7] Column 2 in Table 6 and in Table 7 show the results of estimating [2] by using the ordinary least squares method. AIC and SIC are used to select the optimum number of lags in the ARDL model. The Breusch Godfrey test (LM-test) indicates that the null hypothesis of presence of serial correlation in the residuals is rejected in both estimates at 5%. Column 4 in Table 6 and in Table 7 show the results of estimating [3] . The optimal estimated error correction model associated with the long-run relationship was also found in the basis of AIC and SICS criteria. The estimated error correction coefficient ECM(-1) is negative and significant at 1% for both estimates (when using energy use or electricity consumption). Its value, higher than 0.92 (0.97 when using electricity consumption), indicates that the adjustment speed to restore long-run equilibrium in the dynamic model will be corrected by 92% (97% when using electricity consumption) for in one year. Additionally, Figure 2 shows the plots of the cumulative sum of recursive residuals (CUSUM) and the cumulative sum squares of recursive residuals (CUSUMSQ) tests for both estimates. Graphs in Figures 2 and   3 show that the coefficients of the error correction model are stable during the studied period as they are within the critical bounds of 5%.
[Insert Figure 2 and 3] Table 6 and Table 7 show that the elasticity with respect to real GDP per capita is positive and statistically significant in the long-run and short-run relationships, their values being 2.44 and 1.73 respectively (1.8 and 1.47 when using electricity consumption).
Moreover, the estimated coefficient related to the real GDP per capita squared appears negative and significant for both specifications. Therefore, the EKC hypothesis is confirmed.
These results are in line with the reported results for African countries in Narayan and Narayan (2010). In that study, the authors conclude that Ghana, South Africa, Algeria, Ethiopia, Kenya, Nigeria, and Congo were the countries in the African region for which the EKC is supported. Likewise, Arouri et al. (2012) found an EKC for Algeria over the period . emissions in MENA countries, as for example in Arouri et al. (2012) . Likewise, results are also in line with findings by Farhani and Shahbaz (2014) for a panel of ten MENA countries including Algeria. Therefore, energy use and electricity consumption add to CO 2 emissions.
Results in
No major differences are observed by using energy use or electricity consumption, which may be due to the fact that 97.5% of the electricity is generated from fossil fuel.
Additionally, the results also show that export coefficients are negative and statistically significant in the long-run and short-run relationships (for both Table 6 and Table   7 ), while import coefficients are positive and statistically significant (except in the short-run relationships for non-delayed variables, in which cases the estimated coefficients are not statistically significant). The different sign of these coefficients confirms the appropriateness of treating both variables independently, instead of considering trade openness.
Furthermore, the dummy variable related to the regime change of the Algerian economy experienced in the 1980s appears negative and significant in the long-run and shortrun relationships in both Tables.
Discussion
The obtained results presented in Tables 6 and 7 confirm the EKC for Algeria.
Therefore, it may be concluded that emissions will decrease from a threshold level of income.
Thus the Algerian policymakers may promote their economic growth and just wait to comply with their INDC targets. Nevertheless, several questions may be taken into account by the Algerian policymakers before opting for the just wait approach.
Firstly, the threshold level of income from which the emissions are expected to decrease may be very high. According to Dinda (2004) , the turning point (for logarithmic value) may be calculated as the relation of GDP coefficient to 2*GDP 2 this value being from estimated results as 2.44/2*0.1= 12.2 or alternatively as 1.8/2*0.09 =10. However, the maximum value of per capita real GDP in logarithmic terms has been 8.74 during the analyzed period. This means that the turning point is reached for a 252.5% higher value of per capita real GDP than has already been reached (for a log value equal to 10). These results, which are in line with the findings of Arouri et al. (2012) , indicate that economic growth in Algeria will continue to increase emissions. Therefore, some energy policies may be taken to comply with the INDC (2015) targets without affecting the economic growth.
Secondly, the EKC in Algeria may be related to the slow growth of the Algerian economy and the structure of its economy. During the analyzed period, the annual mean growth rate of real GDP per capita achieved in Algeria was 1.09% (World Bank, 2016a) .
Therefore, the EKC in Algeria may be related to the fact of an initial development, in line with the results of Ozcan (2013) and Wang et al. (2011) , who considered that pollution levels may decrease as a country develops when income levels are low, but may increase as the income levels are higher.
In that sense, and as stated in Brenton et al. (2006) and Bouznit et al. (2015) , some reasons may be behind the Algerian slow growth. Algeria had a modest investment in the manufacturing sector (CIA World Factbook, 2015) and a rapid deindustrialization, characterizing the period from 1980 to the present, which led to a rapid decrease in the share of manufacturing in Gross Value Added, from 17% in 1970 to less than 5% in 2010. All attempts at industrial reforms have not begun to show any signs of improvement in their performance until 2013 (Beggar and Merghit, 2014) . Therefore, the economic growth has not been related to industrialization in Algeria. It may be highlighted that the industrial processes are highly energy intensive, accounting for one-third of global energy use and 40% of total CO 2 emissions worldwide (Brown et al, 2012) . Therefore, the limited industrialization of Algeria has implied less energy requirement and therefore lower emissions. Greater industrialization of Algeria, as recommended by international organizations, will mean greater energy needs, generating more emissions, since according to Column 2 in Table 6, CO 2 emissions per capita with respect to energy use is positive and statistically significant. In fact, the energy needs grew 3.7% for the industrial sector in 2013 (IEA, 2016) .
Additionally, Algeria's economy is based primarily on the exports of gross fuel and oil products, which represented more than 97% of goods and services exports in 2010. The extraction of these natural resources provokes high emissions. Nevertheless, most of these exports, according to IEA (2016) , are crude oil and natural gas (82%), with only 18% of energy exports related to oil products, which are the most contaminating. The deindustrialization process leant Algeria heavily towards gross fuel exports in order to satisfy the needs of its population, by increasing fuel extraction on the one hand, and by diminishing the use of energy previously reserved for the industrial sector on the other. Therefore, the significant trend of increasing exports of gross fuels in Algeria, instead of oil products and manufacturing, may explain the negative sign of the estimated coefficient of exports in the long-run and short-run. Additionally, Table 6 shows positive and significant coefficients for imports variables. As stated in Guechari (2012), Algeria's imports are mainly composed of raw materials which tend to meet the needs of the industrial sector, and huge quantities of diesel and gasoline are designed to meet the fuel demand for vehicles and agriculture. Thus, despite Algeria being specialized in gross oil exports, diesel and gasoline are imported to the amount of more than 3.4 billion dollars, producing emissions.
Thirdly, it is worth noting that the total final energy consumption of the country has seen an increase of 22% from 2010 to 2013, which may be related specially to changes in the way of life, as the main increases are related to the residential sector and electricity consumption (IEA, 2016) . Moreover, electricity demand is expected to more than double by 2030 (Nachmany et al., 2015) . Therefore, increasing emissions may be expected if no changes are applied in the energy mix, as the coefficient for electricity consumption is positive. Additionally, this plan also pays great attention to the important role of energy efficiency by improving heat insulation of buildings, spreading the use of low energy consumption lamps, promoting co-generation, converting simple cycle power plants to combined cycle power plants and promoting liquefied petroleum and natural gas fuels. Nevertheless, this document does not include specific measures to comply with these objectives.
In accordance with Boughali (2014) , to promote this development of renewable energy, reduce energy use and promote energy efficiency, it is mandatory to develop a specific sustainable energy model and identify the different possible energy scenarios depending on the national and global energy contexts. Once this model is defined, some measures to promote renewable energies and energy efficiency should be considered with the aim of stimulating new renewable installations. Some measures are already being applied, such as feed-in tariffs, but there is still much work to do. For example, internal tax benefits for renewable energy projects or fiscal incentives to encourage energy efficiency investments are not applied (RCREEE, 2012a (RCREEE, , 2012b (RCREEE, , 2015 . Additionally, with the aim of promoting economic growth without generating high emissions, Algeria should also include energy policies for reducing electricity distribution and transmission losses. In this area, the energy savings may be great as the losses are estimated at 20% (Belaid and Abderrahmani, 2013 ).
Several problems may hinder the adequate attainment of the targets set in this plan.
Firstly, the drop in oil prices since mid-2014 is having a negative impact on the Algerian current account. The earnings from hydrocarbons exports have dropped by around 50% in 2015, making their imports exceed their exports for the first time in 15 years (IMF, 2014) .
Thus, the Algeria government will have more difficulty in financing investments and subsides to promote renewable energy and energy efficiency. Therefore, attracting foreign investors may be necessary. Nevertheless, Algeria has experienced difficulties in attracting foreign investments for energy investments in the past. As stated in the EIA (2016) report, the lack of fiscal incentives to attract foreign investors to new projects, opaque regulations, corruption allegations and a precarious security environment, have been of concern to investors. In that sense, Algeria's business environment, ranked 163rd out of 189 countries in the report Doing Business 2016 (World Bank, 2016b) , has been constraining investment in the energy sector in recent years. Therefore, some more regulatory reform is needed in order to facilitate bureaucratic processes and improve transparency. In addition, it may be appropriate to advance the study of the effect of the application of promotional measures on foreign investment and the reduction of CO 2 emissions in Algeria.
Secondly, the energy demand growth, and especially residential energy demand growth has raised domestic gas consumption. Nevertheless, the domestic gas consumption has risen faster than production. Therefore, the gas reserved for exports tends to decrease, diminishing export revenues. In order to manage the domestic consumption without compromising exports, the government has attempted to increase natural gas output and crude oil production (EIA, 2016) . As these new plants may increase CO 2 emissions, it may be appropriate to find mechanisms to control these emissions, such as continuing to store the CO 2 removed during gas extraction, by pumping it into an aquifer below the gas reservoir (Layachi, 2013) . In this sense, as stated in Ang and Su (2016) , the possibility of employing these carbon capture and storage technologies in a large scale in electricity production could greatly reduce the carbon intensity for electricity.
Additionally, it may be appropriate to promote some energy policies to control energy demand. For this, energy efficiency measures are crucial, as renewable energy production, according to Paroussos et al. (2012) , does not seem to be enough to cover all the increased electricity demand. Along that line, it may be appropriate to decrease subsides in energy prices. Algeria has been maintaining tight control of domestic energy prices, as in many Arabic countries. Nevertheless, energy subsidies distort price signals, with negative implications on efficiency by favoring the development of energy-intensive industries and inducing large inefficiencies into the way in which energy is consumed (Fattouh and ElKatiri, 2012) . According to the Loi de finances 2016, the Algerian energy regulator has recently increased electricity and gas tariffs for high-voltage electricity and high pressure gas (industry) by 20% and 35% respectively. However, no price increase has been applied for low-voltage electricity which satisfies the electricity needs for households. Therefore, it may be appropriate to continue with this policy of reducing energy prices, although it may also be necessary to apply some effective compensatory schemes, such as protecting low income groups and the domestic demand base for industries and businesses.
Conclusions and policy implications
The These results confirm the EKC for Algeria. Nevertheless, the turning point is reached for a 252.5% higher value of per capita real GDP than has already been reached, which
indicates that economic growth in Algeria will continue to increase emissions. Climate Plan committing to the exploitation of renewable energy and to the improvement of energy efficiency. However, this document does not include specific measures to comply with these objectives. Therefore, it is appropriate to develop a specific sustainable energy model identifying different possible energy scenarios and to consider specific measures to promote these renewable energies and energy efficiency. Tax benefits for renewable energy projects or fiscal incentives to encourage energy efficiency investments may be recommended.
Nevertheless, several problems may hinder the adequate attainment of the targets set in this plan. Firstly, the drop in oil prices, which is having a negative impact on the Algerian current account, will make financial investments and subsides to promote renewables and energy efficiency more difficult. Thus, attracting foreign investors may be necessary.
However, some obstacles are hindering these investments, such as lack of fiscal incentives, opaque regulations, corruption allegations and a precarious security environment. Therefore, regulatory reforms are needed to facilitate bureaucratic processes and to improve transparency.
Secondly, the energy demand growth has raised domestic gas consumption.
Consequently, the government has attempted to increase natural gas and crude oil output, by adding new plants to preserve fuel exports, which ultimately means more emissions.
Therefore, measures such as continuing the storage of the CO 2 removed during gas extraction are recommended. Likewise, energy policies to control energy demand are recommended. In that sense, energy efficiency measures seem to be crucial. Moreover, it may be appropriate to decrease subsides in energy prices to encourage energy efficiency, applying, at times, some effective compensatory schemes for negative price rise effects.
In this sense, further research on the drivers of energy consumption in Algeria and on the effect of rising energy prices on reducing emissions and on their social costs, may be appropriate to perform in future.
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